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TITLE: PIEZOELECTRIC SCAN SYSTEM 

This application is a continuation-in-part of United States patent application serial 
number 09/447,847, filed November 23 , 1 999, entitled Piezoelectric Scan Engine in PC Card 
Format, the entirety of which is incorporated herein by reference. 



The present invention generally relates to a system and method for scanning and 
reading bar codes. Li particular the present invention relates to a low-cost, one-dimensional 
scanner and reader which may be economically implemented on a PC card or hand-held 
scanner. 



Bar code scanning and reading devices provide one of the great technological 
innovations of modem times. From quick check-outs in the grocery store to accurate 
inventory control for businesses, scanners/readers provide almost instantaneous computer 
recognition and documentation of various items while greatly relieving humans of mundane 
tasks thereby saving time and effort. Bar codes are typically vertical black and white bars 
that are scanned in a sequential fashion. In order for a computer to interpret a bar code, a 
scanner generally illuminates the bar code with a beam of light in a sequential, straitline 
fashion, while concurrently, a reader detects whether or not a region of a bar code is black 
or white. Depending on order and spacing of the vertical black and white bars, a unique 
numerical pattern may be determined for a particular item. In most cases, the bar code 
scanners and readers have been combined to form one integral device to perform bar code 
scanning and reading simultaneously. Many styles for these devices include: hand-held gun 
style devices; wand-like devices; pen-like devices; and stationarily mounted devices in 
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factories for example. In fact, a vast array of styles, shapes, and sizes of devices exist to 
provide for many diverse bar code applications. 

Over the years, fairly complicated and elaborate mechanisms have evolved to scan 
bar codes. In order to produce a straitline, sequential scan pattem across the face of a bar 
5 code, many scanners employ rotating components to deflect a beam of Ught from one end of 

the bar code to another. In many conventional systems, the rotating components may be 
rotating mirrors that deflect a continuous light beam across the bar code as the mirror is 
rotated in front of the light beam. In other systems, the beam of light itself may be rotated 
while focusing the light directly on the bar code. Many times, motors and other electro- 
10 mechanical devices are employed to rotate the mirrors and/or lights. Unfortunately, 

£=1 ""J 

'I'l mechanical components such as motors and rotating mirrors tend to wear over time which 

V} may ultimately produce mechanical failures in the scanners. 

gil Other techniques have evolved which employ electronic systems to cause a light 

Ji-J beam to move across a bar code. While solving some of the aforementioned problems with 

^^'^ 15 moving mechanical components, many of these electronic systems are fabricated by 

Q employing elaborate processes and materials. Also, many conventional electronic systems 

employ complicated geometrical shapes and structures to achieve desired scanning results. 

Consequently, there is a strong need in the art for a system and/or method for bar 
Q code scanning that requires minimal components and fewer manufacturing processing steps 

20 as compared to that which is conventionally available. 



Summary of the Invention 

The present invention provides a low cost one-dimensional scanning and detecting 
system for reading bar codes and other related symbols. The system employs an electronic 
25 scanning and detecting system which may be implemented on a small printed circuit board 

such as a PCMCIA card or in a hand-held scanning and detecting system. In a PCMCIA card 
implementation, the bar code may be analyzed and digitized locally on the PCMCIA card 
before being sent over a PCMCIA bus to a hand-held or standalone personal computer (PC). 
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Alternatively, the PCMCIA card may convert the analog bar code information and send the 
information to the PC for appropriate computer analysis and storage. Also, since electronic 
scanning and receiving systems are employed, the scanning and receiving systems may be 
appHed to small, self-contained, hand-held applications such as may be seen in a check out 
5 line for example. 

More particularly, the present invention employs a piezoelectric material that is 
uniquely shaped to provide a non-mechanical, low cost scanning system. In particular, the 
present invention geometrically exploits an arcuate piezoelectric structure that allov^s for a 
small, discrete printed circuit board implementation of a one-dimensional bar code scanning 
10 and reading system. This allows, as discussed above, for a PCMCIA card implementation 
which provides bar code scanning in a hand-held computer application. The present 
Uf invention may be implemented with lower component and manufacturing costs than 

fH conventional systems. 

According to one particular aspect of the present invention, a system is provided for 
fU 15 scanning a target. The system includes a Ught source for directing a beam of light to a 

reflector with a piezoelectric material having an arcuate reflective surface for receiving at 
T least a portion of the beam of light. The reflective surface directs at least a portion of the 

? beam of light to the target, and a power source provides movement in the radially-arced 

Hut 

piezoelectnc matenal to scan at least a portion of the beam of light across at least a portion 
20 of the target. The at least a portion of the target is reflected onto a photosensor to provide 

an electrical signal representing the reflected light. 

According to another aspect of the present invention, a system is provided for 

scanning and reading a target. The system includes: means for directing a beam of light; 

means for reflecting at least a portion of the beam of light to the target; means for providing 
25 movement in an arcuate piezoelectric material to change the shape of the reflecting means 

which effects scanning of at least a portion of the beam of light across at least a portion of 

the target; and means for providing an electrical signal representing the reflected light. 



-3- 



According to still yet another aspect of the present invention, a method is provided 
for scanning and reading a target. The method includes directing a beam of light to a 
piezoelectric material having a convex arcuate reflective surface, at least a portion of the 
beam of light being thereby received at the target. The method further includes applying at 
least one predetermined voltage to the piezoelectric material so as to cause the reflective 
surface to change shape. This results in scanning of at least a portion of the beam of light 
along the target. Finally, at least a portion of the beam of light from the target is received 
at a sensor which provides an electrical signal representing the received light. 

According to still yet another aspect of the present invention, a system is provided 
for scanning and reading a target. Included is a system for directing a beam of light and a 
system for providing movement in an arcuate piezoelectric material having a reflective 
surface. This effects scanning of at least a portion of the beam of hght across at least a 
portion of the target. Also provided is a system for providing an electrical signal 
representing the reflected light. 

According to yet another aspect of the present invention, a system is provided for 
scanning and reading a target. The system includes a light source for directing a beam of 
light and a piezoelectric material affixed to an arcuate reflective surface for receiving at least 
a portion of the beam of light. The reflective surface directs at least a portion of the beam 
of light to the target. An AC voltage source is provided for selectively applying 
predetermined voltages to the piezoelectric material. This causes the reflective surface to 
change shape resulting in scanning at least a portion of the beam of light across at least a 
portion of the target. In addition, at least a portion of the beam of light reflected from at least 
a portion of the target is reflected onto a photosensor to provide an electrical signal 
representing the reflected light. 

According to still yet another aspect of the present invention, a PCMCIA card is 
provided for scanning a bar code. The PCMCIA card includes a light source for directing 
a beam of light and a piezoelectric material having an arcuate reflective surface for receiving 
at least a portion of the beam of light. The reflective surface directs at least a portion of the 
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beam of light to the bar code. A voltage source is provided for selectively applying 
predetermined voltages to the piezoelectric material thereby causing the reflective surface 
to change shape resulting in scanning at least a portion of the beam of light across at least a 
portion of the target. The bar code reflects at least a portion of the beam of Hght to a photo 
5 sensor which in turn provides an electrical signal representing the reflected light. A 

conversion and interface system is also provided for transmitting a digital representation of 
the electrical signal across a PCMCIA bus to a scanner processing system to interpret the bar 
code. 

According to yet another aspect of the present invention, there is provided a system 
10 and method for scanning a target. The system includes a light source, a reflector having a 

n=i variable shape arcuate reflective surface, and a beam expander. The reflector controUably 

j;;: reflects light from the light source and onto the beam expander, which in turn reflects light 

onto the target being scanned. The method includes providing a reflector having a variable 
m arcuate reflective surface, a beam expander, and a beam of Hght. Light is then reflected off 

15 the reflector and onto the beam expander. In addition, light from the beam expander is 

4- reflected onto the target. The shape of the reflector is varied to effect a scanning of the 

target. 

^ According to still another aspect of the present invention, a target scanning apparatus 

is provided including a housing with an aperture, a scanning circuit, and a mirror adapted to 
20 reflect scanning light from the scanning circuit , through the housing aperture, and onto the 

target, hi this regard, the mirror may have a convex arcuate reflecting surface to expand the 
reflected light beam. 

To the accomplishment of the foregoing and related ends, the invention, then, 
comprises the features hereinafter fully described. The following description and the 
25 annexed drawings set forth in detail certain illustrative embodiments of the invention. These 

embodiments are indicative, however, of but a few of the various ways in which the 
principles of the invention may be employed. Other objects, advantages and novel features 
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of the invention will become apparent from the following detailed description of the 
invention when considered in conjunction with the drawings. 

Brief Description of the Drawing s 

Fig. 1 is a schematic block diagram of a scanning and reading system in accordance 
with the present invention; 

Fig. 2a is a schematic block diagram of a piezoelectric scan apparatus in accordance 
with the present invention; 

Fig. 2b is detailed drawing of a piezoelectric material in accordance with the present 
invention; 

Fig. 3a is a schematic block diagram of another embodiment of a piezoelectric scan 
apparatus in accordance with the present invention; 

Fig. 3b is detailed drawing of another embodiment for a piezoelectric material in 
accordance with the present invention; 

Fig. 4a is a schematic block diagram of another embodiment of a piezoelectric scan 
apparatus in accordance with the present invention; 

Fig. 4b is detailed drawing of another embodiment for a piezoelectric material in 
accordance with the present invention; 

Fig. 5 is a schematic block diagram of a conversion and interface system coupled to 
a scanner processing system in accordance with the present invention; 

Fig. 6 is a block diagram methodology in accordance with the present invention; 

Fig. 7a is a schematic block diagram of another embodiment of a piezoelectric scan 
apparatus in accordance with the present invention; 

Fig. 7b is a detailed side view of the embodiment of fig. 7a; 

Fig. 7c is a partial side view of another embodiment of a piezoelectric scan apparatus 
in accordance with the present invention; and 
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Fig 8 is a schematic block diagram of another embodiment of a piezoelectric scan 
apparatus in accordance with the present invention. 



5 

Detailed Description of the Invention 

The present invention will now be described with reference to the drawings, wherein 
like reference numerals are used to refer to like elements throughout. 

The present invention provides a novel and easy to implement system for small or 

1 0 hand-held bar code scanning applications. Applications for scanning and receiving bar codes 
are virtually unlimited, and the present invention provides a straight-forward, low cost 
approach for processing these applications. 

Referring initially to Fig. 1, a scanning system 10a is shown which includes a 
piezoelectric scan engine and detecting system (PSD) 20 operatively coupled to a scanner 

1 5 processing system 30 via a system bus 40. The PSD 20 projects a light ray 50a through an 

aperture window 26 and a focusing system 28 on to a bar code target 60. As shown, the bar 
code target 60 (e.g., a sequence of vertical black and white bars) is scanned from an X+ 
direction (depicted as light ray 50a) to an X- direction (depicted as light ray 50b). It is to be 
appreciated that scanning may also take place in the opposite direction. As will be described 

20 in more detail below, the PSD 20 includes a radially-arced piezoelectric material having a 
variable deflection angle for directing light to targets. By geometrically shaping the 
piezoelectric material, scanning may be achieved with minimal materials and mounting 
structures. 

A plurality of light rays 50c (one ray is shown for simplicity) reflect from the target 
25 60 back through the focusing system 28 on the PSD 20. The focusing system 28 may be a 

single optical lens system for directing and receiving light or may include a separate directing 
and receiving lens for sending and receiving hght to and from the target 60. Focusing 



systems are well known in the art, therefore, further discussion related thereto is omitted for 
the sake of brevity. 

The PSD 20, receives a light ray 50c and converts the ray to an electrical signal. The 
electrical signal is digitized and sent over the system bus 40 to the scanner processing system 
30 for analysis and storage. It is to be appreciated that signal processing and analysis may 
take place at the PSD 20, or the scanner processing system 30, or shared between the two 
systems. The scanner processing system 30 may provide a plurality of application software 
systems to process the bar code information. The application software systems may include: 
accounting controls; inventory controls; pricing information; location information; and other 
information and/or ftjnctions suitably relevant to the items being scanned. Li the preferred 
embodiment, the system bus 40 is a PCMCIA bus coupled to a hand-held personal computer. 
PCMCIA buses provide a high-speed standard access mechanism to share and exchange 
information with most personal computers and are employed by the present invention to 
transmit bar code information from the PSD 20 to the scanner processing system 30. 

Fig. 2a depicts a top view of a target 60 which is scanned by the PSD 20. A light 
source 100 is directed at a radially- arced surface 110a of piezoelectric material 110 which 
may be about two millimeters thick and approximately ten millimeters in length. The light 
source 100 is stationarily mounted at a fixed angle while projecting light 100a at the surface 
1 10a. Preferably, the light source 100 is a laser diode, although other light sources may be 
employed. 

The piezoelectric material 1 1 0 is mounted in the form of a radially defined arc at non- 
movable fixed locations 112a and 112b. Affixed to the piezoelectric material 110 are 
electrodes 1 14a and 1 14b which are connected to an AC power source 1 16. When the AC 
power source is applied to the piezoelectric material 110, the radially defined arc of the 
piezoelectric material 1 10 is caused to expand and/or contract in a radially defined direction 
as depicted by the dotted line in Fig. 2a. The frequency of the AC power source 116 may be 
a plurality of frequencies ranging from a few Hertz to several kilohertz depending on the 
desired scan rate of the target 60. Sinusoidal or triangular waveforms may be employed by 
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the AC source to provide a cyclical movement of the piezoelectric material 110. As the 
material 110 expands and contracts, the radially-arced surface 1 10a increases and decreases 
in a radial direction to and from the Hght source 100. Since the piezoelectric material 110 
is geometrically formed as a radial-arc, a deflection angle is created which directs light 100a 
5 toward the target 60. As the arc expands and contracts with the applied power, the deflection 

angle for the approaching light 100a changes causing light rays 50a and 50b to appear at the 
target 60 at different points. It is to be appreciated that many different points on the target 
are scaimed based on the variable deflection angle of the radially-arced surface 1 10a. Only 
two light rays are shown for ease of illustration. As will be described in more detail below, 

0 1 0 the radially-arced surface 1 1 Oa is polished to provide a reflecting radial surface to direct the 

U light 100a toward the target 60. 

+1= As the target 60 is scanned by the deflecting radially- arced surface 1 10a, light rays 

50c are directed through an aperture 26 {e.g., a translucent window consisting of a plurality 
f'l j of colors) toward a photoelectric sensor 118. Preferably, the sensor 11 8 is a photosensitive 

^ 1 5 addressable array for providing pixel data in relation to the position of light received from 

the target 60. The photoelectric sensor 118 converts the received Hght rays to an electrical 

{ : 

signal 118a which is provided to a conversion and interface system 120. As will be 
described in more detail below, the conversion and interface system 120 is responsible for 
digitizing the electric signal 1 18a and transferring binary information representing bar code 

20 data via system bus 40 to the scanner processing system 30. A trigger switch 1 17 is shown 
interrupting the AC source 116 to the piezoelectric material 110. The trigger switch 117 
allows a user to actively scan the target 60 when the switch 1 17 is engaged. 

Now referring to Fig. 2b, a detailed drawing of the radially-arced piezoelectric 
material 110 is shown. The piezoelectric material 110 has a polished surface 110a for 

25 reflecting light toward the target 60. Polishing may be achieved by applying well known 

chemical or mechanical processes on the surface 1 10a. It is also to be appreciated that a 
metallic layer (e.g., metallic foil) could be attached to the surface of the piezoelectric 
material to provide a reflecting surface. As shown, electrodes 114a and 1 14b are attached 
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to a first and second end of a single layer of piezoelectric material 110. When voltage is 
applied to the ends of the material as shown in Fig. 2a, the curvature of the formed arc 
changes because of an elongation in the crystalline structure of the piezoelectric material 110. 
A plurality of various piezoelectric materials may be employed as long as the crystaUine 
structure of the material is conformable to an arc and is suitable for polishing. By forming 
an arc to provide a deflection angle, the present invention provides several advantages over 
conventional systems. For example, the arc provides a variable deflection angle fi-om a 
single layered piezoelectric material. A small movement in the arc allows for a wide 
deflection pattern on the target 60. This provides a wide-angle deflection system formed 
firom a single layer of low cost piezoelectric material. Many conventional systems, employ 
multiple layers of material or rely on complicated structures in order to produce the necessary 
deflection angles. Another advantage of the radially formed arc is that scanner 
manufacturing costs may be reduced since the low cost piezoelectric material is readily 
mounted to a printed circuit board at two fixed locations 1 12a and 1 12b. 

Turning now to Fig. 3 a, another aspect of the present invention is illustrated. 
According to this aspect, the piezoelectric material 1 1 Ob is formed as a straitened single layer 
with electrodes 1 14a and 1 14b attached at opposing ends as shown in Fig. 3b. A metaUic 
reflective foil 1 1 1 is radially formed and attached to both ends of the piezoelectric material 
1 10b. As shown in Fig. 3a, one end of the piezoelectric material 1 10b is stationarily fixed 
at point 1 12b. The other end of the piezoelectric material is fi"ee to move at point 1 13a in the 
+X or -X direction. As an AC voltage 1 16 is applied, the piezoelectric material lengthens 
and contracts in a straight line causing the radially formed arc in the metallic foil to radially 
deflect inward or outward. As described above, when the radially formed metallic arc 
moves, a variable deflection angle is provided to direct the Ught 100a to the target 60. It is 
to be appreciated that many embodiments for deploying a radially-arced deflection system 
are possible. For example, referring to Fig. 4a and Fig. 4b, another aspect of the present 
invention is illustrated. A piezoelectric material 1 10c is shown in Fig. 4b, with electrodes 
1 14a and 1 14b at the same end of the material. When a voltage is applied to the piezoelectric 
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material 110c, a bend may occur in the direction of the arrow toward the dotted Hne as 
shown, for example. Bends may occur in the opposite direction if an opposite polarity 
voltage is appUed. As shown in Fig. 4a, a metallic foil is attached to a fixed point 1 12b and 
to one end of the piezoelectric material 1 10c. When the AC voltage source 1 16 is applied 
5 to the piezoelectric material 110c, a bend occurs in the +X or -X direction causing the 

metallic foil 111 radius to increase or decrease. As described above, when the radially 
formed arc 111 changes due to the applied voltage, a variable deflection angle surface is 
formed which directs light 100a to the target 60. 

Referring now to Fig. 5, a conversion and interface system 120 is shown operatively 

10 coupled to the scanner processing system 30 via the PCMCIA system bus 40. As shown, 
an electrical output signal 1 18a from the photoelectric sensor 1 18 is coupled to the input of 
an analog to digital (A/D) converter 140, which converts the analog signals provided by the 
photoelectric sensor 1 18 to digital form. As described above, the photoelectric sensor 118 
is an addressable array. Address lines (not shown) from the conversion and interface system 

15 120, direct target image pixel data from the photoelectric sensor 1 18 to the A/D converter 

140. The A/D 140 provides binary codes to a processor 150 which controls the general 
operation of the interface system 120 and provides addressing for the photoelectric sensor 
118. The binary codes represent the scanned black and white bars from the target and 
generally represent pixel intensity from the photoelectric sensor 118. 

20 The processor 1 50 is programmed to control and operate various components within 

the conversion and interface system 120 in order to carry out the various fimctions described 
herein. The processor or CPU 150 can be any of a plurality of processors, such as the p24T, 
Pentium 50/75, Pentium 60/90, and Pentium 66/100, Pentium PRO, and Pentium 2, and 
substantially any other similar or compatible processors. The manner in which the processor 

25 1 50 can be programmed to carry out fimctions relating to the present invention will be readily 

apparent to those having ordinary skill in the art based on the description provided herein. 

A memory 152 tied to the processor 150 via bus 152a is also included in the 
conversion and interface system 120 and serves to store program code executed by the 
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processor 150 for carrying out operating functions of the system 120 as described herein. 
The memory 152 also serves as a storage medium for temporarily storing information such 
as historical inventory bar code data and the like. The memory 152 is adapted to store a 
complete set of information to be transmitted to the scanner processing system 30. 
5 Preferably, the memory 152 has sufficient capacity to store multiple sets of bar codes and 

other information, and the processor 150 could include a program for aUeraating or cycling 
between various sets of previously stored bar code information. In this way, pricing and 
inventory analysis, for example, may occur as the bar code is scanned in. It is to be 
appreciated, however, that bar code information may be passed to the scanner processing 

10 system 30 where equivalent or additional processing may occur. 

The processor 150 is coupled to a PCMCIA bus interface system 160a via internal 
bus 156. The PCMCIA bus interface system 1 60a provides the interface to the PCMCIA bus 
40 and ultimately allows the conversion and interface system to communicate with the 
scanner processing system 30. PCMCIA bus interface systems 160a may include 

15 Application Specific Integrated Circuits (ASIC) or may employ off the shelf components 

which are commercially available from several suppliers. In general, PCMCIA bus interface 
systems are well known in the art and may be readily implemented by one of ordinary skill 
in the art. 

As shown in Fig. 5, the scanner processing system 30 communicates with the 
20 conversion and interface system 120 over the PCMCIA bus 40. The scanner processing 
system 30, preferably, is a hand-held data capture computer 170 having a PCMCIA bus 
interface system 160b. The hand-held computer 170 may be any suitable commercially 
available personal computer having a PCMCIA bus interface and may include a display 1 76 
for viewing bar codes and other related information. A hand-held computer is preferably 
25 employed so that a user may perform hand-held bar code scanning by inserting a PCMCIA 

card scan engine as shown in Fig. 1 into a PCMCIA slot of the hand-held computer. It is to 
be appreciated; however, that the present invention is not limited to the embodiments 
disclosed herein. The scanner, conversion, and hand-held systems may be combined, for 
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example, to form an integrally contained monolithic system. A significant advantage of the 
present invention is that the scan engine may be implemented with small, non-moving 
components. Thus, virtually any suitable computing or processing system and/or 
environment may be employed to carry out the present invention. 
5 Now referring to Fig. 6, a block diagram methodology is provided for carrying out 

the present invention. Beginning at step 200, various processor initialization tasks and 
background activities are performed as power is applied to the scanner processing system and 
the conversion and interface system. After these tasks are performed the method proceeds 
to step 210. At step 210, the method determines if a user has activated a scan switch. If not, 

1 0 the method remains in a loop at step 210 and all power is withheld from the scan engine. If 
a user has activated the scan switch, the method proceeds to step 220. 

At step 220, a light beam is energized and directed at a reflecting surface of a 
radially-arced piezoelectric material. After directing the light beam, the method proceeds to 
step 230. At step 230, a target (e.g., bar code) is generally positioned to receive at least a 

1 5 portion of the beam of hght from the reflecting surface of the piezoelectric material. After 

positioning the target, the method proceeds to step 240. At step 240, AC power is applied 
to the radially-arced piezoelectric material. As described above, the AC power source causes 
the radial surface of the piezoelectric material to produce a variable deflection angle for the 
light beam. As the deflection angle is varied, the light beam is scanned across the target and 

20 the method proceeds to step 250. At step 250, a photo sensor is generally positioned to 

receive light from the target. The photosensor converts the received light to an electrical 
signal representing the received light. After the target is completely scanned, the method 
proceeds back to step 2 1 0 to determine if another scan sequence should occur by monitoring 
the user scan switch. 

25 Referring now to Figs 7a and 7b, a PSD 20 is shown similar to that of Fig. 2a. A 

mirror 300 is provided at an angle for reflecting light ray 50a from surface 110a of the 
piezoelectric material 110 upward through an aperture 310 in the top surface 312 of the 
housing 314, and a corresponding window 320, and onto the target 60. In this embodiment, 
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the target 60 is located above the window 320, and the mirror 300 is mounted at a 45 degree 
angle to the horizontal in order to reflect the light ray 50a upward. However, it will be 
recognized that other embodiments are possible where, for example, a vertical mirror could 
be employed to reflect ray 50a horizontally to one side or the other of housing 314 where 
appropriate corresponding apertures and windows are provided therein. In this fashion, a 
standard scanning circuit maybe employed in a given orientation with respect to the housing, 
with different configurations of apertures, windows, and mirrors to effect scanning of targets 
at any orientation relative to the housing 314. It will be further appreciated that other 
embodiments of mirror 300 are possible where the reflective surface thereof is non-planar, 
as shown in fig. 7c. Li this regard, a convex arcuate mirror 330 may be provided in order to 
expand the jight-ray-SOa-from-the piezoelectric reflector 1 10 for scanning the target 60. 

Referring now to Fig. 8, another embodiment of the present invention is shown which 
is similar to that show in Fig. 2a with the addition of a^ylind^ 

Expander 400 is preferably a polished round pillar located in a fixed location relative to the 
piezoelectric material 110, light source 100, and aperture window 26. The arcuate reflective 
outer surface 410 provides for an expansion of the hght ray 100a from source 100 thereby 
further amplifying the scanning field size achievable with a piezoelectric material 110 which 
itself may have a fixed maximum displacement. In this regard it will be recognized that the 
expander 400 may alternatively have a spherical reflective outer surface in order to achieve 
two-dimensional expansion of ray 1 00a. It will also be appreciated that one or more lenses, 
not shown, may alternatively be used to effect expansion of the scanning beam displacement. 

Those skilled in the art will recognize that the embodiment(s) described above and 
illustrated in the attached drawings are intended for purposes of illustration only and that the 
subject invention may be implemented in various ways. It is, of course, not possible to 
describe every conceivable combination of components or methodologies for purposes of 
describing the present invention, but one of ordinary skill in the art will recognize that many 
further combinations and permutations of the present invention are possible. Accordingly, 
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the present invention is intended to embrace all such alterations, modifications and variations 
that fall within the spirit and scope of the appended claims. 
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